Use of biomass extracted from microalgae has been increasing, with Spirulina platensis among them, which has been used for several purposes. In agriculture, it can be used as a biofertilizer or biostimulant, serving as a nutrients source and contributing to increase yield and food quality. Thus, the aim of this study was to evaluate the influence of successive Spirulina platensis applications on lettuce cv. Elba post-harvest quality. The experiment was conducted in a laboratory, using a completely randomized design in plots subdivided in time, with six repetitions. Plots referred to organic fertilizer concentrations (Spirufert®) and subplots referred to evaluation periods (harvest and 24h after harvest). Soluble solids (SS), pH, titratable acidity, soluble solids/titratable acidity ratio, ascorbic acid, total chlorophyll a and b and protein were evaluated. Data were submitted to analysis of variance using Tukey's test at 5% probability level. There was significant effect between fertilizer concentrations and evaluation periods for most of the analyzed variables. Use of 7.5% Spirufert® promotes quality characteristics maintenance for lettuce storage evaluated 24 hours after harvesting, preserving soluble solids content, titratable acidity, ascorbic acid, total chlorophyll and chlorophyll a.
Introduction
Post-harvest quality refers to the set of characteristics that differentiate individual units of a product, being significant to determine the product acceptability degree by the buyer. In order to meet this demanding market, agricultural production must aim to produce quality food, with high nutritional value and higher post-harvest conservation (Yuri, 2004 , Chitarra & Chitarra, 2005 , Teixeira et al., 2016 . In this respect, agriculture is an expressive activity for Brazil, which has high production as a remarkable characteristic. However, high production is not characterized as a determining point, and alternatives to combine production increase with food quality are needed. The search for products that favor yield increase and quality improvement has been increasing in recent decades, and studies have pointed out that the various bioactive compounds in algae extracts are a promising alternative for the development of new biotechnology within organic agriculture (Limberger & Gheller, 2012) .
The microalgae Spirulina platensis comprises the filamentous cyanobacteria group, with high protein content and widely used as a single cell protein source for humans and animals (Aly & Esaw, 2008; Monteiro et al., 2010) . It is found in spiral shape, called tricoma, constituted by cylindrical cells, short and wide, covered by a thin membrane. The microalgae aforementioned has been the subject of research in several areas, such as biofuel production, human food supplementation, disease treatment, greenhouse mitigation, cosmetics manufacturing, pharmaceuticals, edible films and biodegradable packaging (Derner et al., 2006; Habib et al., 2008; Schmitz et al. 2012; Zeller et al., 2013) due to its composition.
In agriculture, it can be used as a biofertilizer by making nutrients available to the plants, contributing to increase the yield and quality of harvested food (Norrie, 2008; Chojnacka et al., 2012) . However, there are few statistically proven studies that point out microalgae extracts efficiency on yield and food post-harvest quality aspects. Studies on Spirulina platensis in fresh products were carried out by Onias et al. (2016) , and the authors reported efficacy in Spirulina platensis application when used in mango post-harvest coating. In pomegranates, coating with 3% cassava starch plus 3% Spirulina plantensis associated with refrigeration showed better biometric, visual and physicochemical quality in fruits during storage (Moreira, Rocha, 2015) .
From this context, the aim of this study was to evaluate the influence of successive foliar applications of class "A" simple organic fertilizer, Tamanduá brand, based on Spirulina platensis (Spirufert®), in the postharvest quality of lettuce cv. Elba.
Material and methods
The research was carried out at the Federal University of Campina Grande (UFCG), in the Center of Food Sciences and Technology (CCTA), Pombal Campus, PB State, from April to August 2014. 'Elba' cultivar was used, managed according to recommendations by Maldonade et al. (2014) .
Seedlings were produced in greenhouse using expanded polystyrene trays consisting of 288 compartments, filled with commercial substrate (Baseplant®). Trays were laid on wooden benches, where they were sown at the rate of three seeds per cell. Thinning was performed at ten days and one seed was kept per compartment. Soil preparation was performed thirty days before seedlings transplanting, consisting of plowing followed by harrowing, at 20 cm depth. Then, seedbeds were built, which were 16,1 m long, 1,05 m wide and 20 cm high, shaded with sombrite at 50% in low-tunnel structures with a height of 1,20 m from the ground. Afterwards, soil samples were collected for physicochemical analysis, with another soil sample collection for analysis at the end of the experiment. Each plot was divided into six plots, with each plot consisting of 32 plants, spaced 0,25 x 0,25 m. Seedlings transplanting to the field was carried out 30 days after sowing, when plants had four definitive leaves. For irrigation management, drip system was used with frequency of four daily watering, 15 minutes each, reducing or suspending irrigation on rainy days. Periodically, manual weeding was carried out in the seedbeds with the intention of controlling weeds.
Treatments consisted of concentrations of 0%, 1.5%, 3.0%, 4.5%, 6.0% and 7.5% of Spirufert® fertilizer (class "A" simple organic fertilizer, Tamanduá brand, based on Spirulina platensis) applied in the plots at late afternoon after irrigation, via foliar spraying, at 1, 7, 14, 21 and 28 days after transplanting (DAT) of the seedlings to the field. The product drainage point in the plant was considered as reference to the volume of syrup applied. Solutions preparation was carried out in the Laboratory of Soils and Plant Nutrition of CCTA by diluting the product in 800 mL of distilled water. After preparation of each solution, they were sieved and evaluated regarding pH using a digital peagometer, while electrical conductivity was evaluatedusing a benchtop conductivity meter (25 °C). Field application was performed through a 900-mL capacity hand sprayer.
Plants were harvested manually between 5:00 A.M. and 7:00 A.M. using properly identified plastic boxes at 38 days after seedlings transplanting (DAT). They were transported to CCTA's Phytotechnology Laboratory, where they were washed in running water and exposed on a bench to drain excess water.
For lettuce quality and conservation evaluation under shelf conditions, a completely randomized design (DIC) was used in plots subdivided in time, with six repetitions, where each repetition consisted of three plants, totaling 18 plants per treatment. Plots consisted of six treatments (0%, 1.5%, 3.0%, 4.5%, 6.0% and 7.5% Spirufert®) and subplots consisted of evaluation times (at harvest and 24h after lettuces storage in shelf, in air conditioned environment, at 26 °C and 70% RH).
In order to determine soluble solids content, a digital refractometer (PR-100 model, Palette, Atago Co., LTD., Japan) was used, according to AOAC (1997) , where two readings of the lettuce juice were carried out, obtained through grinding leaves in a food processor. Results were expressed as percentage (%). Titratable acidity (TA) was determined by titration, in duplicate, using a 1 mL juice aliquot in which 49 mL of distilled water and 3 drops of 1% alcoholic phenolphthalein were added, using sodium hydroxide solution (NaOH) 0.1 N, standardized with potassium biftalate, as titrant. Results were expressed in percentage (%) of citric acid equivalent to the NaOH amount spent in the titration (AOAC, 1997). Through reading, carried out directly from lettuce juice, hydrogenation potential (pH) was evaluated using a Tecnopon digital peagometer (mPA-210P Model/Version 7.1), according to the AOAC technique (1997) . SS/AT ratio was estimated by the quotient between the two following constituents: soluble solids (SS) and titratable acidity (TA). Lettuce plants ascorbic acid content was evaluated in duplicate, according to the methodology proposed by Strohecker & Henning (1967) , taking 1 mL of the juice, diluting it in 49 mL oxalic acid and then performing titration with Tillmans solution. The results were expressed as mg of ascorbic acid per 100 mL of juice.
In order to determine chlorophyll, 0.2 g of grinded lettuce leaf was macerated in a mortar, with subsequent addition of 0.2 g sodium carbonate and 10 mL of acetone (80% concentration), for disintegration. Samples were centrifuged at 1500 rpm for 10 min. After liquid extract cooling, aliquots were read in a spectrophotometer at 470, 646 and 663 nm, using three repetitions per sample. From readings obtained in the spectrophotometer, chlorophylls a, b and total chlorophyll contents were determined. Results were expressed as mg g -1 . Total protein analysis was performed in fresh matter, from the leaf macerate in the mortar, from which 0.2 g was obtained. Afterwards, samples were placed in digestion tubes, adding 1.5 g of catalytic mixture and 3 mL of sulfuric acid. Samples were then placed in the digester block and heated slowly, gradually rising to 400 °C, until the liquid became clear and transparent, with a blue-green hue. After digestion completion, 10 mL of distilled water plus 15 mL of sodium hydroxide were added to the digestion tubes, in order to initiate distillation in the Kjeldahl nitrogen distiller, containing 10 mL of boric acid. Subsequently, samples were titrated in triplicate with indicator solution (methyl orange and bromocresol green), and results were expressed in %.
Data were submitted to the analysis of variance, performed by the computer software System for Analysis of Variance -SISVAR (Ferreira, 2011) . There were no adjustments to the regression, and results presentation was carried out by means of tables, elaborated through Microsoft Excel 2013. Tukey's test at 5% probability level was used for mean comparison.
Results and discussions
There was no difference between treatments for any of the variables studied in relation to the different fertilizer concentrations (Spirufert®) applied, indicating that the lettuce cv. Elba quality was not affected by treatments (Table 1) . Regarding interaction between the studied factors, fertilizer concentrations and evaluation dates, significant effect was observed for soluble solids, titratable acidity and SS/AT ratio variables at 1% probability level. Significant at 1%; * significant at 5%; ns not significant 5% by 'F' test; CV-coefficient of variation.
In the present experiment, it was verified that the lettuce cv. Elba soluble solids content, evaluated on the day of harvest (Table 2 ) and which received concentrations of 0%, 3.0% and 4.5% of fertilizer during cultivation, did not differ from each other. After the shelf period (24h), it was observed that the highest soluble solids content occurred with the application of 0% fertilizer (distilled water only), while the lowest content occurred in plants fertilized with 7.5% However, no significant differences were found between the other treatments. ------------Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ significantly by Tukey's test at 5% probability level. Silva et al. (2011) stated that, the higher the soluble solids content of freshly harvested lettuce, the longer its quality can be preserved, although this is not a lettuce quality characteristic, since the consumer does not expect to taste a sweet lettuce, unlike the expectation of savoring a typical dessert fruit, for example. When comparing soluble solids contents during the evaluation periods (Table 2) , SS content reduction during storage (24h) was observed in plants that received foliar fertilization at the lowest concentrations, 0%, 3.0% and 4.5% of fertilizer. Decrease may have occurred due to leaf maturation progress process, which occurs due to carbohydrate consumption by metabolism through respiration (Neres et al., 2004; Reis et al., 2014) . It is observed that the SS of lettuce plants that received the highest fertilizer concentrations during cultivation were kept constant during the period in which they remained in the shelf. In this respect, soluble solids maintenance during storage represents an indication of Spirulina platensis positive effect on lettuce quality components preservation.
According to table 2, it can be observed that the 3.0% foliar fertilizer concentration provided higher titratable acidity, 0.148 mg 100 g -1 , equivalent to fresh matter citric acid. After storage, the lowest organic acid levels occurred in plants that received concentrations of 0%, 1.5% and 3.0%. According to Nunes et al. (2013) , this fact can be attributed to the own plant consumption, which used organic acids as energy source to remain alive, in order to maintain its metabolic functions active, resulting in titratable acidity reduction. In this respect, the higher TA content observed in plants that received 7.5% of Spirulina-based fertilizer may indicate longer shelf life for plants in this treatment due to substrate maintenance. According to Souza (2010) , citric acid contents are usually modified after a few days of storage, due to factors such as respiration and microorganisms, what may change these concentrations for more or less. When comparing organic acid contents present in lettuce plants at harvest and after storage, tendency of citric acid content increase in the fresh matter of plants that received different fertilizer concentrations after permanence on shelf for 24 hours was observed. According to table 3, pH values of lettuce plants evaluated on the day of harvest and 24 hours after harvest, kept in shelf, did not vary according to treatments, evidencing that the product used did not interfere in this characteristic. When comparing lettuce hydrogenation potential in the evaluation periods, pH decrease was observed in plants that received 1.5% Spirufert® and were kept in shelf in the laboratory for 24 hours. There was no statistical difference for the other concentrations. Taiz & Zeiger (2013) , reported that plants chemical composition may vary between different species and even within a species according to the environmental conditions to which they are submitted. 
Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ significantly by Tukey's test at 5% probability level. Table 3 shows the highest ratio between soluble solids content and titratable acidity in lettuces analyzed on the day of harvest, corroborating with the values recorded for soluble solids and acidity (Table 2) , since on the day of harvest, plants had higher soluble solids content and lower acidity compared to lettuces analyzed after 24 hours of harvest. The lowest SS/AT ratio, observed after storage, was attributed to titratable acidity increase in all treatments, and this reduction was more evident in lettuces that received concentrations above 4.5%. This fact can lead to bitter taste, an undesirable characteristic for the consumer, which is related to accumulation of substances such as acids, phenols and alcohol from deteriorating processes, associated with high concentration of the product applied on the leaves. Deteriorating processes may limit lettuce gas exchange and respiration, triggering fermentation and senescence more quickly.
According to table 4, in which chlorophyll a, chlorophyll b, total chlorophyll, protein and ascorbic acid were analyzed according to the different fertilizer concentrations, it was verified in the analysis of variance that there was no difference between treatments for any of the studied variables. As for interaction between the studied factors, significant effect was observed for ascorbic acid, chlorophyll a, chlorophyll b and total chlorophyll variables, with the exception of the protein variable. ** Significant at 1%; * significant at 5%; ns not significant at 5% by 'F' test; CV-coefficient of variation. 1 Analysis performed only at harvest.
In the comparison between harvest and storage period (24 h), there was ascorbic acid reduction in plants evaluated 24 h after harvest at the different fertilizer concentrations, except for plants that received 7.5%, which were not significantly different. This could be an indicative of positive effect of the product in preserving ascorbic acid in lettuce. Ascorbic acid is a factor used as product degradation indicator because it is extremely unstable and easily oxidized in contact with the environment due to sensitivity to oxygen interaction, causing decrease of its normal value (Nunes et al., 2013) .
Regarding total chlorophyll content (Table 5) , evaluated on harvest day, there were significant differences regarding treatment application, with concentrations of 6.0 and 7.5% promoting the highest chlorophyll content (220.17 and 233.54 mg g -1 , respectively) in relation to treatments with 0 and 1.5% fertilizer. Meanwhile, foliar fertilizer concentration of 1.5% provided the lowest total chlorophyll content (114.15 mg g -1 ). This fact could probably be related to the amino acids found in the Spirulina-based fertilizer or to the nitrogen absorbed when the lettuce plants stomata were open, favoring plant positive performance by acting in chlorophyll synthesis. This effect can also be observed in lettuce plants analyzed 24 h after harvest, when foliar fertilization at the concentration of 6.0% held the highest total chlorophyll content. Plants that received 3.0% of fertilizer had their total chlorophyll reduced. Considering the evaluation periods, it was observed that plants that were in shelf for 24 hours had higher chlorophyll content in relation to plants evaluated on the day of harvest for the different product concentrations, except for those that received 3.0 and 7.5% fertilizer concentrations, which held chlorophyll levels. Chlorophyll retention is an important parameter to determine the final quality of green vegetables, as the two chlorophyll forms are very sensitive to heat, oxygen, light, enzymes and metal action (Silva et al., 2015) . Table 6 shows chlorophyll a and b values. It can be observed that chlorophyll a contents were not significantly different in relation to treatments and different evaluation periods, with mean values ranging from 92.59 to 144.85 mg g -1 on the day of harvest and 163.48 to 231.13 mg g -1 for plants kept in shelf for 24 h, respectively. When comparing evaluation periods, chlorophyll a content of lettuce plants that received 1.5, 4.5 and 6.0% fertilizer concentrations and were kept for 24 hours in the shelf, stood out in relation to the plants analyzed on the day of harvest. 0.9613 ---0.7161 ---Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ significantly by Tukey's test at 5% probability level.
Observing data in Table 6 , there is chlorophyll b content increase in the plants analyzed on the day of harvest with fertilizer application at concentrations of 6.0 and 7.5%. Among the other treatments, concentrations of 0 and 1.5% resulted in the lowest content of this pigment. Total chlorophyll had a similar result, where possibly nitrogen or amino acid absorption occurred in the fertilizer solution, acting on chlorophyll synthesis. On the other hand, treatments did not interfere significantly in chlorophyll b content for plants that were kept 24h in shelf, where means ranged from 38.94 to 56.87 mg g -1 . When analyzing lettuce plants behavior regarding chlorophyll b content during evaluation periods, it is verified that plants evaluated 24 hours after harvest and which received 1.5% of fertilizer during production process had better chlorophyll b contents in relation to the plants analyzed on the day of harvest. However, reduction of this pigment was observed in plants that had 4.5, 6.0 and 7.5% fertilizer concentration applied. This was possibly caused by the fertilizer absorbed by lettuce plants, interfering in chlorophyll b degradation, which is not a desirable feature for lettuce marketing. It is worth mentioning that chlorophyll is an important parameter, as chlorophyll a and b levels are directly related to green coloration in plants. ------0.8738 ---Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ significantly by Tukey's test at 5% probability level.
Conclusions
Use of 7,5% Spirufert® keeps quality characteristics of lettuce stored and evaluated 24 hours after harvesting, preserving soluble solids contents, titratable acidity, ascorbic acid, total chlorophyll and chlorophyll a.
